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Description 

[0001] Displays that comprise smart pixels are 
known. Typically, a smart pixel comprises a light-emis- 
sive element and a circuit that comprises one or more 
field effect transistors (FETs) which drives/switches the 
emissive element. A given pixel typically is addressed 
by several conductor lines which typically are connected 
to peripherally disposed drive circuitry. 
[0002] Recently organ ic light emissive elements (typ- 
ically organic light emitting diodes; see, for instance, A. 
Dodabaiapur, Solid State Communication, Vol. 102, No. 
2-3, pp. 259-267, 1 997) have been disclosed, and have 
been proposed for use in displays. See, for instance, M. 
K. Hatalis et al., Proceedings of the SPIE, 3057, p. 277 
(1997), and C. C. Wu et al., IEEE Electron Device Let- 
ters, Vol. 18, p. 609 (1997). The references disclose 
smart pixels with organic light emitting diodes (LEDs) 
and field effect transistors (FETs) with, respectively, 
polycrystalline and amorphous Si active channel mate- 
rial. 

[0003] Furthermore, displays that comprise organic 
smart pixels have also been proposed. See, for in- 
stance, Dodabaiapur et al., Applied Physics Letters, Vol. 
73(2), July 1998, pp. 142-144, and U.S. patent applica- 
tion Serial No. 09/087,201, filed May 29, 1998 by Bao 
et al. See also H. Sirringhaus et al., Science, Vol. 280, 
page 1741, June 12, 1998. In such a display, a given 
pixel not only comprises an organic light emitting diode 
(LED) but also one or more organic pixel FETs. 
[0004] Active matrix displays with organic LEDs and 
organic pixel transistors potentially have significant ad- 
vantages, e.g., low cost and compatibility with flexible 
plastic substrates. 

[0005] We have come to realize that components 
such as organic LEDs and organic pixel FETs frequently 
exhibit certain limitations and/or non-ideal characteris- 
tics (collectively "non-idealities") that can adversely af- 
fect the performance of otherwise potentially excellent 
displays. 

[0006] For instance, we have discovered that charge 
carrier mobility and/or threshold voltage of organic LEDs 
frequently change slowly with time, that charge carrier 
mobility and/or threshold voltage of organic FETs fre- 
quently vary from FET to FET, and that organic pixel 
FETs frequently are subject to capacitive signal 
feedthrough through the gate insulator and to charge 
leakage because of standby currents when transistors 
are off. These and other non-idealities can result in dis- 
plays with significant brightness variations and/or other 
shortcomings. Such variations will frequently be unac- 
ceptable, especially in view of the known sensitivity of 
the human eye to brightness variations. FETs with poly : 
crystalline or amorphous Si active channel material also 
frequently exhibit non-idealities. 
[0007] In view of the potential advantages of active 
matrix displays with organic smart pixels, it would be 
highly desirable if at least some of the non-idealities 



could be mitigated or eliminated. This application dis- 
closes some significant non-idealities, and also disclos- 
es means for overcoming them. 
[0008] The following U.S. patents and applications 

5 pertain to related subject matter: Patent Nos. 5,405,71 0: 
5,478,658; 5,574,291 ; 5,625,199; and 5,596,208; Appli- 
cation No. 08/441,142, filed May 15, 1995 by Doda- 
baiapur et al; Application No. 09/087.201, filed May 
29,1998 by Bao et al; and Application No. 09/137,920, 

to filed August 20, 1 998 by Dodabaiapur. 

[0009] EP-A-0905673 discloses a pixel display that 
reduces non-uniformities in currents to light emitting di- 
odes. 

[0010] According to this invention there is provided 

15 display apparatus as claimed in claim 1 . 

[0011] In a broad aspect the instant invention is em- 
bodied in an active matrix display wherein a given pixel 
comprises at least an organic LED and an organic FET 
Associated with the presence in the pixel of one or more 

20 organic, polycrystalline Si or amorphous Si components 
are some non-idealities. 

[0012] There are at least two types of non-idealities. 
One type is due non-ideal device characteristics of the 
organic transistors and requires corrective action for 

25 each smart pixel, typically at the frame frequency (ex- 
emplarily about 75Hz). Exemplary of the first type of 
non-Ideality are capacitive signal feed-through through 
the gate insulators of organic pixel FETs by short rise/ 
fall time pulses and charge leakage due to relatively low 

30 on-off ratios of organic transistors. 

[001 3] The other type of non-ideality is due to, typical- 
ly slow, changes in physical characteristics (e.g., mobil- 
ity, threshold voltage) of the organic components, and 
requires only intermittent corrective action (e.g., when 

35 the display is activated, and/or at predetermined inter- 
vals that are much longer than the frame period, for in- 
stance, once a day). 

[0014] In order to mitigate or overcome some or all of 
the non-idealities, a display embodying the invention 

40 comprises circuitry, at least part of which is typically dis- 
posed in the periphery of the display, that inter alia per- 
forms various compensatory functions. This circuitry will 
be referred to as the "drive/compensation" circuitry. 
[0015] Drive/compensation circuitry for mitigating the 

45 first type of non-idealities will typically comprise addi- 
tional FETs (i.e., FETs in addition to the conventional 
pixel FET) that act to mitigate or eliminate, for instance, 
the capacitive signal feed-through, charge leakage or 
other non-ideality of prior art smart pixels. The drive/ 

50 compensation circuitry for mitigating the second type of 
non-ideality will typically comprise means for periodical- 
ly measuring and storing appropriate characteristics of 
each smart pixel (exemplarily the voltage that is required 
to produce a certain current thro ugh the LED, and/orthe 

55 threshold voltage). This information typically is stored in 
an electronic memory, and the drive/compensation cir- 
cuitry adjusts the drive conditions of each pixel that de- 
viates from target conditions, taking into account the 
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traits of the individual pixels. 

[001 6] Those skilled in the art will recognize that the 
above-described approaches to mitigation of smart pixel 
non-ideaiities are, inter alia, possible because the pre- 
cision and accuracy of conventional Si-based circuits 
typically are much greater than those of organic-based 
circuits. Thus, at least part of the drive/compensation 
circuitry is preferably embodied in Si technology, typi- 
cally conventional C-MOS technology. 
[0017] Among the non-idealities of pixels with one or 
more organic components typically are 

a) variations in mobility and/or threshold voltage of 
the organic pixel FETs from transistor to transistor; 

b) change in mobility and/or threshold voltage with 
time in a given pixel FET; 

c) change over time of the LED characteristics; 

d) capacitive signal feed-through through the gate 
insulator of the organic pixel FETs by short rise/fall 
time pulses; and 

e) charge leakage through the gate dielectric due 
to poor on-off ratio of the organic pixel FET. 

[0018] Of the above-cited non-idealities, non-ideali- 
ties a), b) and c) typically require corrective action at a 
frequency much below the frame frequency of the dis- 
play, and n on- idealities d) and e) typically require cor- 
rective action for each pixel at the frame frequency. The 
former will frequently be referred to as "adaptive pixel 
control". 

[0019] More specifically, the invention exemplarily is 
embodied in display apparatus that comprises a multi- 
plicity of nominally identical smart pixels disposed on a 
first substrate region, and that further comprises a smart 
pixel-free second substrate region. A given smart pixel 
comprises an organic light emitting diode, and pixel cir- 
cuitry for providing a current through the organic light 
emitting diode. The pixel circuitry of the given smart pixel 
comprises an organic pixel FET in series with the organ- 
ic light emitting diode and disposed in the first substrate 
region. 

[0020] Significantly, the nominally identical smart pix- 
els unintentionally exhibit one or more non-idealities that 
adversely affect the performance of the display appara- 
tus. The display apparatus further comprises drive/com- 
pensation circuitry selected to at least mitigate said one 
ormore non-idealities, such that the performance of said 
display apparatus is improved. 
[0021] Typically, the field effect transistor in series 
with the organic LED is an organic FET (but could be a 
polycrystalline or amorphous SI FET), and the drive/ 
compensation circuitry typically comprises single crystal 
Si (exemplarily conventional C-MOS) circuitry. 
[0022] By way of example, the drive/compensation 
circuitry is selected such that compensating charge in- 
jection into the gate terminal of the organic FET miti- 
gates capacitive signal feed-through or such that setting 
an inactive high value of a ROW signal and a RST signal 



to a value above a supply voltage V dd mitigates charge 
leakage. 

[0023] By way of further example, the drive/compen- 
sation circuitry is selected to measure and store one or 
s more characteristics of each smart pixel, and to make, 
if indicated by the result of the measurements, a change 
in the control voltage such that substantially all smart 
pixels have substantially the same light emission for a 
given signal provided to the display apparatus. 

w 

Brief Description of the Drawings 
[0024] 

15 FIG. 1 schematically shows an exemplary prior art 
organic smart pixel including a pixel FET; ' 
FIG. 2 shows electrical characteristics of an exem- 
plary prior art organic smart pixel; 
FIG. 3 shows computed data of control node volt- 

20 age vs. time of an exemplary prior art organic smart 
pixel; 

FIG. 4 schematically shows an organic smart pixel 
with exemplary drive/compensation circuitry adapt- 
ed for at least mitigating non-idealities such as ca- 
25 pacitive signal feed-through, and charge leakage; 

FIG. 5 shows computed data of control node volt- 
age vs. time of the smart pixel with drive/compen- 
sation circuitry of FIG. 4; 

FIGs. 6a and 6c schematically show measurement 
30 circuitry used to determine the electrical character- 
istics of FIGs. 6b, 6d and 6e; 
FIG. 7 schematically shows an organic smart pixel 
with relevant aspects of exemplary drive/compen- 
sation circuitry; 
35 FIG. 8 schematically shows relevant aspects of ex- 
emplary drive/compensation circuitry; 
FIG. 9 schematically shows an organic smart pixel 
with relevant aspects of further exemplary drive/ 
compensation circuitry; and 
40 FIG. 10 schematically depicts relevant aspects of 
active matrix display apparatus embodying the in- 
vention. 

[0025] The figures are not to scale or in proportion, 

45 

Detailed Description 

[0026] FIG. 1 shows a prior art organic smart pixel 1 0, 
wherein numerals 11-14 refer, respectively, to the or- 

50 ganic LED, the light output of the LED, the organic pixel 
FET P1 , and control capacitor C1 for applying a control 
voltage V c to the gate of the pixel FET. Supply voltage 
V dd and LED drive voltage V^q are also indicated. The 
smart pixel of FIG. 1 substantially corresponds to the 

55 smart pixel of FIG. 1 of the above-cited article by Doda- 
balapur et al. The pixel circuitry of FIG. 1 is disposed 
proximate to the given organic LED in the first substrate 
region. 
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[0027] FIG. 2 shows the electrical characteristics 
(LED current vs. supply voltage, for various gate voltag- 
es) of an exemplary prior art smart pixel as shown In 
FIG. 1 herein. Nominally identical smart pixels frequent- 
ly have characteristics that are qualitatively the same as 
those of FIG. 2 but differ quantitatively therefrom. 
[0028] FIG. 3 shows results of a computer simulation 
(using conventional SPICE circuit simulation software 
and representative device parameter values) of organic 
smart pixel behavior. The simulation substantially repro- 
duces relevant aspects of the behavior of the prior art 
organic smart pixel of FIG. 1 herein, and shows the dy- 
namics of V c and V LED (curves 31 and 30, respectively) 
when a 10u,s active pulse is applied to the gate of the 
organic FET. The simulation of FIG. 3 shows significant 
non-idealities. Specifically, numerals 301 and 303 refer 
to sharp dips in V LED due to capacitive signal feed- 
through, and numerals 302 and 31 1 referto pronounced 
changes with time, in, respectively, V LED and V c , due to 
charge leakage. Numeral 312 refers to a slope due to 
normal diode capacitor decay in V c . 

Capacitive Signal Feed-Through, Charge Leakage 
and Low Off -On Ratio 

[0029] FIG. 4 shows, in addition to the organic com- 
ponents 11 and 13, exemplary drive/compensation cir- 
cuitry for a pixel, the circuitry designed to compensate 
for the parasitic effects of charge injection and leakage 
that we have found associated with prior art organic 
smart pixels. It will be understood that the components 
that are shown in FIG. 4 need not be co-located, but 
typically are disposed near a given LED. 
[0030] Organic LED 11 is controlled by organic FET 
P1 , whose gate voltage V c determines the LED current. 
Transistor P2 resets V c to V dd via a short active-low 
pulse on RST The transistor P4 has a W/L (width-to- 
length) ratio that is half of the W/L ratio of transistor P2, 
and receives an inverted version of the RST pulse on 
the RSTB control line. The transistor P4 and RSTB can- 
cel the undesirable charge injected onto V c by P2's gate- 
to-drain overlap capacitance during the sharp edges of 
the RST pulse. When RST transitions, RSTB makes a 
complementary transition, and a compensating charge 
of the opposite sign is injected onto V c by P4's gate- 
drain and gate-source capacitances. The transistor P3 
discharges control capacitor C1 to a voltage determined 
by the width of the active-low pulse on the ROW line and 
the value of a driving current/voltage source on COL. 
Transistor P5 and the control line ROWB serve to per- 
form charge compensation for the ROW pulse in a man- 
ner analogous to the compensation performed by tran- 
sistor P4 and RSTB for the RST pulse. 
[0031] The off currents of P2 and P3 cause charge 
leakage and degrade the held value of V c . Exemplarily 
this can be alleviated by setting the inactive high values 
of the ROW and RST signals to be significantly above 
V dd . Thus, if V dd - 40V, the inactive high values of ROW 



and RST exemplarily are about 50V, thereby ensuring 
that the gate-to-source voltages of transistors P2 and 
P3 are very negative, rather than just zero, and conse- 
quently that the leakage currents of these transistors are 

5 negligible. The simple expedient of setting the inactive 
high values of ROW and RST to values above V dd ef- 
fectively compensates for charge leakage, and is con- 
sidered a significant feature of the invention. 
[0032] It will be appreciated that drive/compensation 

10 circuitry as shown in FIG. 4 (or an equivalent thereof) is 
associated with each organic smart pixel of a display, 
and provides compensation for non-idealities every time 
a given pixel is addressed or reset. The circuitry option- 
ally is implemented with organic FETs, and typically is 

15 disposed proximate to the LED, in the first substrate re- 
gion. 

[0033] It will also be appreciated that FIG. 4 does not 
show such conventional features as a power supply be- 
tween V dd and ground, and the substrate terminals of 
20 transistors P2-P5. The latter are considered to be tied 
to ground, as is conventional. The symbols used in FIG. 
4 are conventional. For instance, all p-MOS FETs have 
designations that start with "P" (P1 , P2, P3.... etc.), and 
the complement for a given signal has the designation 
25 of the given signal, followed by "B". For instance, the 
complement of "RST is designated " RSTB". These con- 
ventions are followed throughout the application. 
[0034] FIG. 5 shows exemplary results of a SPICE 
simulation of the organic smart pixel of FIG. 4. The sim- 
30 ulation assumed device characteristics as used in the 
simulation of the prior art pixel (FIG. 3), but with dummy 
charge compensation (RSTB, P4, ROWB and P5 are 
present) and charge leakage compensation (inactive 
high values of ROW and RST signals are at 50V al- 
as though V dd = 40V) present. As can be readily seen, the 
capacitive glitches and charge leakage are drastically 
reduced. Reference numerals 50 and 51 , refer respec- 
tively, to V c and V LED . 

[0035] As can be seen from FIGs. 3 and 5, control volt- 
40 age V c equilibrates to its final value very quickly, typically 
within the 10u.s pulse width. The LED voltage V^q 
charges quickly (typically within 50jis) from a low value 
to a high value in a time that is well within one refresh 
cycle for a frame (exemplarily 1 4 ms) . The decay of V^q 
45 from a high value to a lower value is slower than would 
be expected from the asymmetry of the LED. However, 
the actual current, and consequently the light emitted by 
the LED, is a strong power law function of the voltage 
" and decays much more rapidly. Thus, in FIG. 3, although 
so the voltage takes several milliseconds to decay by a few 
volts, the current drops rapidly to zero, typically within 
1 OO^ls of the reset of V c . 

[0036] The device parameters that were used in the 
simulations are: a 1000u,m/6u.m organic FET with mo- 
55 bility of 0.03 cm 2 /V-sec, threshold of-2V, 100 nm gate 
dielectric, overlap capacitances of 2fF/um, current of 
1 0OjiA at 1 2V for a 1 mm x 1 mm organic LED with die- 
lectric constant of 3, dielectric thickness of 1 00 nm, and 



7 



EP1 005 013B1 



8 



a 9th-power l-V characteristic above 8V. These param- 
eters are, we believe, representative of real device op- 
eration. 

[0037] The simulations show that organic smart pixels 
as discussed are easily capable of operation at the 
speeds that are necessary for displays. For instance, 
the LED charging and discharging time scale is well 
within the typical 1 4 ms refresh rate for a 1 000 x 1 000 
pixel array, and the charging and discharging of the con- 
trol mode can be accomplished within 14u,s, the time 
typically available for a single row operation of an array 
with 1000 rows. Thus, the technique of compensating 
for charge injection, leakage and other non-idealities 
can result in displays capable of robust operations. 
[0038] FIGs. 6a-e illustrate capacitive gate current 
feedthrough in an organic FET, and mitigation of the 
feedth rough. 

[0039] FIG. 6a schematically shows the measure- 
ment circuit that yielded the oscilloscope traces of FIG. 
6b, for V dd =0. The effects of the capacitive signal 
feedthrough are seen in the impulsive glitches in V s . 
FIG. 6c schematically shows the measurement circuit 
that yielded the traces of FIG. 6d, for V dd 0. Providing 
dummy charge injection (i.e., applying a compensatory 
voltage to a capacitor connected to the source of the 
organic FET) greatly reduces the effect of the capacitive 
signal feedthrough. FIG. 6e shows the results obtained 
with the measurement circuit of FIG. 6c, but with a neg- 
ative drain bias. The resulting characteristics are sub- 
stantially ideal. 

[0040] Having discussed a preferred approach to the 
substantial elimination of such non-idealities as capac- 
itive signal feed-through and charge leakage in organic 
smart pixels, we will next discuss a preferred approach 
to adaptive pixel control. 

Adaptive Pixel Control 

[0041 ] FIG. 7 schematically shows exemplary further 
drive/compensation circuitry that provides inter alia 
charge compensation and facilitates adaptive pixel con- 
trol, as is shown below. 

[0042] The circuit of FIG. 7 differs from that of FIG. 4 
in that the former has two more FETs (P6 and P7), and 
in that there are two column lines (COL and COLB). P6 
enables control of the discharge current in the pixel via 
a pulse width and pulse height variation of the COL volt- 
age. In FIG. 4, the discharge current is varied via a volt- 
age/current source control in series with the column line. 
[0043] It will be appreciated that a display with adap- 
tive pixel control embodying the invention can run in two 
modes, to be designated the normal mode and the cal- 
ibration mode. For example, the display typically is for 
- a short time in the calibration mode whenever the dis- 
play is turned on, or at predetermined intervals, e.g., 
once per day. After completion of the calibration, the 
drive/compensation circuitry switches the display into 
the normal mode, Of course, control of non-idealities, e. 



g., charge compensation, typically takes place both in 
the calibration and normal mode. 
[0044] When the display is in the normal mode, a giv- 
en row of pixels is activated and a gate voltage pulse is 
5 applied to all the P3 gates on the ROW line. A particular 
column is addressed by applying a column pulse to P6 
(and a complementary column pulse to P7, to reduce 
clock feedthrough). The widths of the column pulse en- 
code the display information, and the pulse heights en- 
w code stored calibration information for the given pixel. 
[0045] When the display is in the calibration mode, a 
given row is activated, and the current flowing into P1 
(at node V m ) of a given pixel is monitored (in a way to 
be described below). Based on the thus obtained meas- 
15 urements for all pixels in the given row, the column pulse 
heights for all pixels in the given row are adjusted to a 
desired value. This process is carried out for all rows. 
The calibration is performed for a range of column pulse 
widths so that the pulse heights stored during the cali- 
co b rati on compensate effectively for pixel variations over 
a range of intensities. 

[0046] FIG. 8 schematically shows a relevant portion 
of exemplary drive/compensation circuitry. It will be un- 
derstood that such circuitry typically is connected to 

25 each column of a display embodying the invention. Typ- 
ically all the columns in a given row may be monitored 
and compensated by the drive/compensation circuitry 
in parallel. The drive/compensation circuitry of FIG. 8 
typically is disposed in the second substrate region. 

30 [0047] In FIG. 8, conventional transmission gates (in- 
dicated by an x-like symbol) are used to pass or block 
signals, based on the control voltage on their gate ter- 
minals. For instance, when the CAL signal is high, the 
display is in calibration mode and certain pathways in 

35 the circuitry are activated. On the other hand, when CAL 
is high then the display is in the normal mode and alter- 
native pathways are activated. 
[0048] The circuitry of FIG. 8 functions as follows. 
Pulse generator 801 outputs column pulses onto col- 

40 umn control line 802 (COL), in accordance with its pulse 
width (PW) and pulse height (PH) control voltages. In 
the normal mode (CAL high), these control voltages are 
obtained from image RAM 803 and pulse height RAM 
804, respectively. These RAMs are cycled through the 

45 various rows of the display via a display clock (not 
shown) that provides a signal on display clock line 805. 
During calibration mode (CAL high), the pulse width in- 
formation is obtained from test vector RAM 806 that cy- 
cles through various pulse width values in accordance 

so with a measurement clock (not shown) that provides a 
signal on measurement clock line 807. The pulse height 
information is obtained from analog storage capacitor 
808 that is updated via a feedback mechanism (to be 
described below) to converge to a desired value. Col- 

55 umn line 809 (V m ) is routed to in normal mode, and 
is routed to conventional sense amplifier 81 0 in calibra- 
tion mode. The sense amplifier converts the LED current 
(i.e., the current through FET P1 in FIG. 4) in the pixel 
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to a voltage. This voltage is digitized by A/D converter 
811 and stored in measurement vector RAM 812. This 
RAM stores the results for the measurements for the 
various pulse widths that are output by test vector RAM 
806, and for the current value of pulse height on analog 5 
storage capacitor 808. 

[0049] Furthermore, a linear or non-linear average 
value of the measurements is computed by means of 
conventional digital arithmetic circuitry and compared 
with a desired average. The transconductance amplifier 10 
814, whose bias current is set by i (a voftage control 
"knob" that sets the bias current, and consequently the 
transconductance of the amplifier), then updates analog 
storage capacitor 808 to a pulse height that brings the 
average of the measurements closer to the desired val- w 
ue. The update is done during an update phase of the 
measurement clock (not shown), during which transmis- 
sion gate 813 conducts. The process typically is repeat- 
ed for many iterations until the pulse height- has con- 
verged to a value around which it oscillates, and for 20 
which the desired average and the average of the meas- 
urements are sufficiently close. 
[0050] The bias current of transconductance amplifier 
814 and the value of storage capacitor 808 determine a 
speed/precision trade-off, i.e., how finely device param- 25 
eter variations are being compensated for, and how 
quickly it can be done. Typically, the above-described 
feedback process is iterated a sufficient number of times 
to ensure convergence within an acceptable level of pre- 
cision. 30 
[0051 ] At the end of the convergence process the data 
on storage capacitor 808 is written into pulse height 
RAM 804 (when the LD and CAL signals are active at 
the end of the calibration) and the calibration is com- 
plete. At this point the drive/compensation circuitry typ- 35 
ically is switched to the normal mode, and the display is 
ready for conventional use. 

[0052] It will be understood that the above-described 
drive/compensation circuitry is exemplary, and that the 
objects of the invention can also be attained with other *o 
circuitry. 

[0053] For instance, alternate circuitry is shown in 
FIG. 9. As can be seen, the circuitry is similar to that of 
FIG. 7, but control is accomplished differently. Instead 
of P6 and P7 which control the current flowing through 45 
P3, in the circuit of FIG. 9 the current flowing through 
P3 is directly controlled by a current source 91 . The val- 
ue of V m measured in the calibration mode controls the 
current drawn through P3. Thus, instead of modulating 
the gate bias of P6 and P7, in the alternate drive/com- so 
pensation circuitry the source current of P3 is modulated 
directly. 

[0054] FIG. 10 schematically depicts exemplary dis- 
play apparatus 100 embodying the invention. The ap- 
paratus comprises a multiplicity of row and column con- 55 
ductor lines, column drive/compensation circuitry and 
row drive/compensation circuitry. Each intersection of 
the row and column lines is associated with a pixel, ex- 
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emplarily with circuitry as shown in FIG. 7. The pixels 
are disposed on the first substrate region, and the col- 
umn and row drive/compensation circuitry is disposed 
. on the pixel-free second substrate region. By way of ex- 
ample, the row conductor lines comprise ROW, ROWB, 
RST and RSTB, and the column conductor lines com- 
prise COL, COLB, V dd and Ground. 
[0055] The discussion above is primarily in terms of 
pixel FETs having organic active material. However, the 
invention is not thus limited, and pixel transistors with 
inorganic (e.g., amorphous or polycrystalline Si) active 
material are contemplated. The terms "organic" and "in- 
organic" have their conventional meaning herein. 
[0056] It will be noticed that the drive/compensation 
circuit diagrams herein show p-channel FETs. However, 
this is just a matter of design choice, and the invention 
could be practiced with n-channel FETs or with p-chan- 
nel and n-channel FETs. 

[0057] The prior art knows a variety of materials that 
can be used to form an organic LED and/or a pixel FET. 
Among them are oligothiophene, pentacene, Di-R-an- 
thradithiophene wherein R is either C m H 2m+1 wherein m 
is 0 to 18 or C y H2y +1 OC z H 2z where z+y = 4 to 17, y is 
greater than zero, and z is greater than 2, bis-ben- 
zodithiophene, phthalocyanine coordination com- 
pounds, and regioregular poly(3-alkylthiophene). 
Among particularly preferred materials are poly(phe- 
nylene vinylene) (PPV), bis(triphenyl diamine) (TAD), 
tris (8-hydroxy quinolinato) aluminum (Alq), and bis 
(1 0-hydroxybenzo quinolinato) beryllium. 



Claims 

1 . Display apparatus comprising a multiplicity of nom- 
inally identical smart pixels (1 0) disposed in a first 
substrate region and a smart pixel free second sub- 
strate region, wherein each smart pixel comprises: 

a) an organic light emitting diode (11); and 

b) pixel circuitry for providing a current through 
the organic light emitting diode, the pixel circuit- 
ry comprising one or more field effect transis- 
tors (P1-P5) disposed in said first substrate re- 
gion, one of the field effect transistors being 
connected in series with the organic light emit- 
ting diode; 

CHARACTERIZED IN THAT 

c) at least one of the field effect transistors of 
the pixel circuitry is an organic field effect tran- 
sistor, and 

d) the display apparatus comprises drive/com- 
pensation circuitry selected to mitigate one or 
more physical non-idealities inherent to the or- 
ganic transistor and/or organic light emitting di- 
odes of the nominally identical smart pixels, at 
least some of said drive/compensation circuitry 
(101-102) being disposed in the second sub- 
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strate region, wherein said physical non-ideal- 
ities are capable of adversely affecting perform- 
ance of said display apparatus. 

2. Display apparatus according to claim 1, wherein 5 
said drive/compensation circuitry comprises single 
crystal C-MOS circuitry. 

3. Display apparatus according to claim 1, wherein 
said physical non-idealities comprise one or more io 
of capacitive signal feed-through and charge leak- 
age due to low on-off ratio of said organic field effect 
transistor. 

4. Display apparatus according to claim 1 , wherein is 
said physical non-idealities comprise one ormore of 

i) variations from smart pixel to smart pixel of a 
mobility and/or a threshold voltage; 

ii) change with time of the mobility and/or 
threshold voltage in one of the pixels; and 

iii) change overtime of light emitting diodechar- 
acteri sties. 

5. Display apparatus according to ciam 4, wherein 
said physical non-idealities further comprise one or 
more of capacitive signal feed-through and charge 
leakage. 

6. Display apparatus according to claim 3, wherein 30 
said drive/compensation circuitry is selected to mit- 
igate said capacitive signal feed-through by injec- 
tion of a compensation charge into the gate terminal 

of the organic field effect transistor. 

7. Display apparatus according to claim 3 wherein 
said drive/compensation circuitry is selected to mit- 
igate said charge leakage by setting an inactive 
high value of a ROW signal and a RST signal to a 
value above a supply voltage V^. 

» 

8. Display apparatus according to claim 4, wherein 
said drive/compensation circuitry is selected to 
measure and store, at predetermined intervals that 
are much longer than a frame period of the display 
apparatus, one or more characteristics of each 
smart pixel and to make, if indicated by the result of 
the measurements, a change in a control voltage 
applied to a gate terminal of said field effect transis- 
tor connected in series with the light emitting diode, 
such that substantially all smart pixels have sub- 
stantially the same light emission for a given signal 
provided to the display apparatus. 

9. Display apparatus according to claim 8, wherein 55 
said drive/compensation circuitry is selected to mit- 
igate the capacitive signal feed-through by injection 

of a compensating charge into the gate terminal of 
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the organic field effect transistor, and furthermore 
is selected to mitigate the charge leakage by setting 
an inactive high value of a ROW signal and a RST 
signal to a value above a supply voltage V^. 



Revendlcations 

1. Dispositif d'affichage comportant une pluralite de 
pixels (10) intelligents nominalement identiques 
disposes dans une premiere region de substrat et 
une seconde region de substrat n'ayant pas de pixel 
intelligent, dans lequel chaque pixel intelligent 
comporte : 

a) une diode (11) emettrice de lumiere 
organique ; et 

b) un circuit de pixel pour fournir un courant 
passant dans la diode emettrice de lumiere or- 
ganique, le circuit de pixel comportant un ou 
plusieurs transistors a effet de champ (P1-P5) 
disposes dans la premiere region de substrat, 
I'un des transistors a effet de champ etant relie 
en s£rie a la diode emettrice de lumiere 
organique ; caracterise en ce que 

c) au moins I'un des transistors a effet de 
champ du circuit de pixel est un transistor a ef- 
fet de champ organique ; et 

d) le dispositif d'affichage comporte un circuit 
d'attaque/compensation selectionne pourdimi- 
nuer une ou plusieurs des proprietes physiques 
non ideales inherentes au transistor organique 
et/ou aux diodes emettrices de lumiere organi- 
ques des pixels intelligents nominalement iden- 
tiques, au moins certains des circuits (1 01 -1 02) 
d'attaque/compensation etant disposes dans la 
seconde region de substrat, dans lequel les 
proprietes physiques non ideales sont capa- 
bles d'affecter de maniere defavorable le ren- 
dement du dispositif d'affichage. 

2. Dispositif d'affichage suivant la revendication 1, 
dans lequel le circuit d'attaque/compensation com- 
porte un circuit C-MOS monocristal. 

3. Dispositif d'affichage suivant la revendication 1, 
dans lequel les proprietes physiques non ideales 
comportent une ou plusieurs des proprieles parmi 
le passage de signal capacttif et la fuite de charge 
en raison d'un rapport 6tat passant/etat bioquant 
faible du transistor a effet de champ organique. 

4. Dispositif d'affichage suivant la revendication 1, 
dans lequel les proprietes physiques non ideales 
comportent I'une ou plusieurs des proprietes 
suivantes : 

i) variation d'un pixel intelligent a un autre d'une 
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mobilite et/ou d'une tension de seuil ; 

ii) modification au cours du temps de la mobilite 
et/ou de la tension de seuil dans Pun des 
pixels ; et 

iii) modification au cours du temps des carac- 5 
teristiques de diode emettrice de Iumiere. 

5. Dispositif d'affichage suivant la revendication 4, 
dans lequel les proprietes physiques non ideales 
comportent en outre une ou plus des proprietes non w 
ideales que sont la traversee de signal capacitif et 

la fuite de charge. 

6. Dispositif d'affichage suivant la revendication 3, 
dans lequel le circuit d'attaque/compensation est *5 
selectionne pour diminuer la traversed de signal ca- 
pacitif par injection d'une charge de compensation 
dans la borne de grille du transistor a effet dechamp 
organique. 

20 

7. Dispositif d'affichage suivant la revendication 3, 
dans lequel le circuit d'attaque/compensation est 
selectionne pour diminuer la fuite de charge en re- 
glant une valeur haute inactive d'un signal ROW et 
d'un signal RST a une valeur superieure a une ten- 25 
sion V dd d'alimentation. 

8. Dispositif d'affichage suivant la revendication 4, 
dans lequel le circuit d'attaque/compensation est 
selectionne pour mesurer et memoriser, a des in- 30 
tervalles determines a I'avance qui sont bien plus 

longs qu'une periode de trame du dispositif d'affi- 2. 
chage, une ou plusieurs caracteristiques de chaque 
pixel intelligent et pour realiser, si ceia est indique 
par les resultats des mesures, une modification de 35 
la tension de commande appliquee a une borne de 3. 
grille du transistor a effet de champ reltee en seYie 
avec la diode emettrice de Iumiere, de sorte que 
sensiblement tous les pixels inteiligents ont sensi- 
blement la meme Emission de Iumiere pour un si- *o 
gnal donne envoye au dispositif d'affichage. 

9. Dispositif d'affichage suivant la revendication 8, 4. 
dans lequel le circuit d'attaque/compensation est 
selectionne pour diminuer la traversee de signal ca- 45 
pacitif par injection d'une charge de compensation 

dans la borne de grille du transistor a effet de champ 
organique, et en outre est selectionnd pour dimi- 
nuer la fuite de charge en reglant une valeur haute 
inactive d'un signal ROW et d'un signal RST a une so 
valeur superieure a une tension V dd d'alimentation. 

Patentanspriiche 

55 

1. Anzeigeeinrichtung, welcheeineVielzahlvon nomi- 5. 
nell identischen intelligenten Pixeln (10) umfasst, 
die in einem ersten Substratbereich angeordnet 
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sind, und einen zweiten Substratbereich ohne intel- 
ligente Pixel, wobei jeder intelligente Pixel umfasst: 

a) eine organische lichtemittierende Diode (11); 
und 

b) eine Pixeischaltung zum Bereitstellen eines 
Stromes durch die organische lichtemittierende 
Diode, wobei die Pixeischaltung einen Oder 
mehrere Feldeffekttransistoren (P1 - P5) um- 
fasst, die in dem ersten Substratbereich ange- 
ordnet sind, wobei einer der Feldeffekttransi- 
storen in Reihe mit der organischen lichtemit- 
tierenden Diode geschaltet ist; 

dadurch gekennzeichnet, dass 

c) wenigstens einer der Feldeffekttransistoren 
der Pixeischaltung ein organischer Feldeffekt- 
transistor ist; und 

d) die Anzeigeeinrichtung eine Steuer/Kom- 
pensationsschaltung aufweist, die dazu ausge- 
wahlt ist, eine oder mehrere, dem organischen 
Transistor und/oder den organischen lichtemit- 
tierenden Dioden der nominell identischen in- 
telligenten Pixel innewohnende, physikalische 
Unvoilkommenheit(en) zu mindern, wobei we- 
nigstens ein Teil der Steuer/Kompensations- 
schaltung (101-102) in dem zweiten Substrat- 
bereich angeordnet ist, wobei die physikali- 
schen Unvollkommenheiten die Leistungsfa- 
higkeit der Anzeigeeinrichtung negativ beein- 
flussen konnen. 

Anzeigeeinrichtung nach Anspruch 1 , bei welcher 
die Steuer/Kompensationsschaltung eine einkri- 
stalline CMOS-Schaftung umfasst. 

Anzeigeeinrichtung nach Anspruch 1 , bei welcher 
die physikalischen Unvollkommenheiten ein(e) 
oder mehrere kapazitive Signaldurchfuhrung(en) 
und Ladungsverlust(e) aufgrund eines niedrigen 
Ein-Aus-Abstundes des organischen Feldeffekt- 
transistors umfassen. 

Anzeigeeinrichtung nach Anspruch 1 , bei welcher 
die physikalischen Unvollkommenheiten ein oder 
mehrere folgender Merkmale umfassen: 

i) Schwankungen einer Beweglichkeit und/oder 
einer Schwellspannung von intelligentem Pixel 
zu intelligentem Pixel; 

ii) Anderung der Beweglichkeit und/oder der 
Schwellspannung in einem der Pixel mit der 
Zeit; und 

iii) zeitliche Anderung der Kennlinien der lich- 
temittierende Dioden. 

Anzeigeeinrichtung nach Anspruch 4, bei weicher 
die physikalischen Unvollkommenheiten ein(e) 
oder mehrere kapazitive Signaldurchfizhrung(en) 
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und Ladungsverlust(e) umfassen. 

6. Anzeigeeinrichtung nach Anspruch 3, bei welcher 
die Steuer/Kompensationsschaltung dazu ausge- 
wahlt ist, die kapazltive Signaldurchfiihrung durch 5 
Einbringen einer Kompensationsladung an dem 
Gateanschluss des organischen Feldeffekttransi- 
stors zu mindern. 

7. Anzeigeeinrichtung nach Anspruch 3, bei welcher io 
die Steuer/Kompensationsschaitung dazu ausge- 
wahlt ist, den Ladungsverlust durch Festsetzen ei- 
nes inaktiven Hochpegelwertes eines ROW-Si- 
gnals und eines RST-Signals auf einen Wert ober- 
halb einer Speisespannung V dd zu mindern. 15 

8. Anzeigeeinrichtung nach Anspruch 4, bei welcher 
die Steuer/Kompensationsschaltung dazu ausge- 
wahlt ist, in festgelegten Intervallen, die deutlich 
langer ais eine Vollbildlange der Anzeigeeinrich- 20 
tung sind, eine oder mehrere KenngraBen jedes in- 
telligenten Pixels zu messenundzuspeichern, und, 
falls durch das Ergebnis der Messungen angezeigt, 
eine Steuerspannung, die auf einen Gateanschluss 
des in Reihe mit der iichtemittierenden Diode ge- 25 
schalteten Feldeffekttransistors gelegt wird, derar- 

tig zu andern, dass im Wesentlichen alle intelligent 
ten Pixel fur eingegebenes, der Anzeigeeinrichtung 
bereitgesteiites Signal im Wesentlichen dieselbe 
Lichtemission aufweisen. so 

9. Anzeigeeinrichtung nach Anspruch 8, bei welcher 
die Steuer/Kompensationsschaltung dazu ausge- 
wahlt ist, die kapazitive Signaldurchfiihrung durch 
Einbringen einer Kompensationsladung an dem 35 
Gateanschluss des organische Feldeffekttransi- 
stors zu mindern, und aufterdem dazu ausgewahlt 

ist, den Ladungsverlust durch Festsetzen eines in- 
aktiven Hochpegelwertes eines ROW-Signals und 
eines RST-Signals auf einen Wert oberhalb einer 40 
Speisespannung V dd zu mindern. 
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FIG. 3 

(PRIOR ART) 




— i — 1 i 1 i 1 i — 1 — r • . i ■ i — 1 — r 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9- I 

TIME (mse«) 



FIG. 4 



A 



COL 



T — 





RST 




o RST8 



<J — o R0W8 



< 



o ROW 



11 



EP 1 005 013 B1 



FIG. 5 
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FIG. 6 k 
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FIG. 6i 
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